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Ewafsrilus heptapepiflas. 4 cosinopslilan fresh water nenaode has been isolaed from the bottoms ol Lakes
Albers and Aleyandring where it comprises up lo 87% and 85% of the nematode population respectively. The
crvironmen! wl the botlorms of the Takes in which these nematodes live 1s desceribed and meisurements of mules
and females from cach of these environmenty are compared with those of @ South African population, There
are mgmficant ditfererces in wil length berween the Australian and South Alrican populations, Ege laying in
the Australian populalion has been observed and 15 deseribed. The presence of crystalloid struetures in these
nerdtodes has been noted and the possibility of their nceurrence being associated with mereased salinity w discussed.
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Introduclion

The nematade Futobriluy heptapapilfanes (Joubett
& Heyns, 1979) Tsalolikhing 1981 has 2 world-wide
distribution in & range of freshwater hahiwts. [n South
Austral it this nematode oceury al variouy siles o the
shores of Lake Alexandring and Hindmarsh [sland af
the mouth of the Murray River (Nicholas er al. 1992)
ind wils the maoast common species extracred from a
sanple dredged from a depth of 3 m at the southern
end of Lake Alexandrina. To date no studies have been
published on measurements of this nematode nor of
ity presence or absence ar the bottom of the adjacent
Lake Albert.

Tri this paper | compare measurements of males and
fennsles of £, heptapupillatus. from Lakes Albert and
Alexandrina with those [rom South African populations
(Swart & Heyns 1988). L also describe thetr habitats
and their proportions 10 other nematode species Jound
in these habitats, as well as the percentage of E.
heplapapillaris containing erystalloid inclusions.

Materials and Methods

Callection of material

Samples were collected using a benthic grab from
the bottoms of Lakes Albert and Alexandrina ar the
tollowing Tocalities. For Lake Alexandring the
collecting site was at the navigation marker No. 84
(Fig, 1 site [1)), The Luke Albert collecting site was
2-3 kam off shore from the town of Meningie with
compass bearings 1357 on the fown'y water tower,
285°0n 1rees on the Coarong side of the Take, 20570n a

© ) Playford Road, Mitcham. 8. Aust, 5062,

eops,

headland on the port side and 857 on a barcen hill top
on Lhe starboard side (Fig. 1 site [2]), In each case
the contents of the benthic grab were placed in a plastic
bag and stored in o cooled insulated container,

The dry weight of the sediment was determined by
allowing it 1o grayitate from the water included in the
benthic sample in a yraduated cylinder. The supernaiant
was removed by suction and the sediment was then
spooned into @ weighed beaker which was placed i
an incubator wt 40°C. Dehydration was maintained
until a constanl weight was reached.

Membrane (0.2 um) llered waler samples from the
lakes were taken simultaneously with the sediment
samples taken with the benthic grab. Salinity was
calculated from electrical conductivity (Nicholus et al.
1992) and a range of elements was analysed using the
techmique of Zarcinas and Cartwright (1983). Particle
size of these samples was messured vsing various
techniques us described hy Beech (Nicholas er al
1992).

A Targe plastic container was filled with lake water
fromm the sampling site and this water was used Lo dilute
the sumples during the sieving procedures used to
separate the nematodes, 'This consisled of passing the
samples through 2 mm. 850 pm. 710 gm, 250 pm, 120
pon and 90 p sieves. In samples containing much
sand, further sieving through 75 pm., 53 um and 3§
piin sieves was undertaken. However, in the case of
Lake Albert samples, the sediment which passed
through the 90 pm sieve would have blocked the
re(naining three sieves. Accordingly, the material
abtained on the 120 pm and 90 pm sieves was diluted
o [acilitate microscopic observation and aliquots were
examined under the dissecting microscope. The
nematodes were picked out alive on mounted eyelashes,
their movernent indicaling their presence in the sample.
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They were placed in a test tube in a small volume of
fMltered like water and un equal volume of boiling
double strength FA 4@ 1 «olution (20 ml 40%
formaldehyde and 2 ml glacial acetic ucid in 78 ml of
distilled watery (Hooper 1986) was added to the shaken
suspension of nematodes, These specimens were
proeessed 10 pure glycerol using Seinhorst’s (1959)
method and mounted in anhydrous glycerol un slides
sealed to a coverslip by molten paraffin as described
by De Maeseneer and D'Herde (1963). Nematodes
fixed and processed into glycerol in this manner were
photographed with Hford Pan F Tilm. Living
nemutodes, for example females laying cggs, were
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photographed using lford Delta 400 film. Thesc
nematodes were observed and photographed using i
Vanox AHBT rescarch microscope equipped with
bright ficld -and interference contrast (Nomarshi)
optics.

Results

The wuter environment

Lake Albert is a relatively large body of watter about
16 km x 10 km connected to Lake Alexandrina, which
is approxinutely 30 kin x 15 km, by a narrow channcl
of water (Fig. 1).
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Fig. 1 Map showing the location of collecting sites (1) and (2) in Lakes Alexundrina and Albert respectively.

TAsLE 1. Analyses of major soluble ions in water from the shores of Lakes Alexandring and Albert sampled on the same
day ar a six monthly imerval and from water sampled from the middle of Lake Alberr ai a later daie,

mgl’
Date Locality Nu 1 Cu Mg K S ELCE TSS*
(Site) -y = dsm' s
29 April 1993 Alexandrina 48 82 15 B 5 6 0.42 0.03
{shore) Albert 204 348 a8 33 12 22 1.6 0.0
22 OcL 1993 Alexandrina 54 105 9 8 3 7 0.4 0.03
(share) Albert 200 375 34 31 10 22 I'§ 0.10
20 May 1994 Albert 188 205 34 28 10 6 1.23 0.06
(mid-lake)

“E,C. = electrical conductivity (deci-siemens m)
T TSS = (omal soluhle salts (estimaled percentage)
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The results of the analyses of wiater collected from
Lakes Albert and Alexandrina are given in Table 1,
From these results it can be seen that there 1s mostly
a three-to four-fold difference in the toral soluble salts
in water samples collected from the shores of the two
lakes on the same day, These differences in the major
Tons persisied n water suntples taken s months later
(Table 1),

The sediment envivonmene

The surface 15 cm of the soil at the botom of Lake
Albert consists of a slimy sediment, largely composed
of clay which made up 48-61% of samples of this
surface sediment or shime Luken from various parts of
the lake as the top component ol core samples (Taylor
& Poole 1931).

It was estimated that only [/6th of the sediment lrom
Lake Albert consisted of solid material, This material
comprised 67% clay, 25% silt, 3% fine sund and esy
thun 1% coarse sand.

The nematode

The most common nematode in the Lake Albert
sediment, Eutobriluy heptapapillatus, comprised up 1o
87 % of the nematode population; the remainder mostly
consisted of monhysterids. Similarly the benthic sanple
from Lake Alexandrina comprised up o 85% £
heptapapillaius.

The ratios of larvae, males und females were sumilar
in two diffecent collections from Lake Albert In one
instance an aliquot containing 137 nematodes had 43%
larvae, 16% males and 41% temales. In [he other
hurvest the ratios were 39% larvae, 23% nales and
38% females. In oan aliquot contaming £
heprapapillanes from the Like Alexandring henthic
sumple, (he mlios were 51% larvae, 37% males and
12% lemales. An obvious difference belween these [wo
pupulations was the presence of crystalloid inclusions
(Fig. 2) in 32% of the nematodes from Lake Albernt
whereas none wis observed from the Lake Alexundrina
sample.

Comparison of populaions of B heptapapillatuy

Specimens from hoth Takes were measured and
compared with each other and with those from South
Alrica (Swart & Heyns 1988), It can be seen (Tahle
2) that the miles of these three populations ure similar
in many respects. For example. they dre of similur
length, have the same body width at the anus and have
similarly-sized copulatory spicules. Dillerences in
maximum body width and pharynx length could nol
be anulysed statistically due to the absence of certain
measurements of the South African populution. There
is, however, @ significant difference in fail length
(P<0.001) between the Australian populations (Lake
Albert with o mean of 179 pii and Lake Alexandring
with a mean of 173 wm) and the South African
populition (mean of 244 gm). This sigpificant

differenee inctail lengehis not so pronounced (F <001
in the females of these populaions (Tuble 31, The males
of E. heptapapillatus (Figs 30 4) hove w diorehie
reproductive system consisting ol a pall ol testes, f vas
deferens and cjacolatory doct comnecting with the
copulatary spicules. The most obvious components of
the maley  accessory  structures  are the  seven
supplementary orgais (Fig, <) from which its specific
name iy derived,

The distances between these supplementary organs
in the South African population have been measured
(Swiirt & Heyns 1988) and so cun he compared with
fhe  Australion populations. Measurements of the
Australian populutions are expressed us percentigey
of the sum of these distances rather than as direct
meastirements. This 15 hecause direct measurements
using cotled and uncoiled nematodes revealed a
sigmificant difference in the ean value of the distance
between supplements in the coiled (27.9 pmi and the
uncoiled (412 g (£<0000 . However. when these
distances were expressed s percentages of the sum ol
the distances bhetween supplements. there was no

™

Fig. 2. Photograph of part of an adule female Fuwbrilis
haprapapillanes that hiad heen maintined in shadlow distilled
water 1na Fetrt dish for aver o month prior o heing
photgaphed. Bright field aptics showing the presence of
nirerous orystallond hodics (sinall arrows). Scale har =
20 g
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Tasi 20 Comparison af measurements of diffovent populations of males of Ewtobrilis
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heptapapillatis.

Thitwakamy Farcsr

All measurements zim
Cupe Provinee, 5num Alrici

Lake Alben
South Ausnutia

Luke Alexanidrng
Soutle Auktrabin

;bwg,n & Hevns | 98H) ;\prt_scm Aty ) (present sty |
- =9 ho=3
Purty measured Range Mean Ranye Muau S0 Runge Mean 5D
Body length (L) 1550-2120 1420 I K73 20000 1931 £37 1400 [990) 1840 RATh]
Max., body width 53 677 71 L5 a0-70 16 44,1
Phurynx length agav! 305-337 14 ] 270-315 290 +8
Tl Jength FARERIH 244 1658 11717 17v 19 140-192 )73 +20
Bexly width at anus 3y o4 I8 +27 A2-30 3% 16
Spicule 4R-57 53 S35 54 +22 52-56 53 ).
Crubernueulum 1539 170 gl () 1 5.7 J0-36 ER} 227
Die:Man's mdices o 32.1-4).2 62 15,030 7 1% W=7 3 29 +3
De Man's indices b g < 52 37606 62 0.4 .l 7.0 0.6 Hi4
Die Man's mdices o f2-8.4 79 A=l h 1R s YY-12.9 1. 1.0
Ie Man s indices O 5.8-K.0 6.5 44953 47 H) 4 4.4-4.8 0. )2
' caleulated from data of Swart & Heyns (1988)

TasLe 30 Congrarson of measurementy of different pomdacions of females of Eawbrilus heprapapillatios
Al neasure nents am lxlmlnml Foreal Tuke Alber Lake Aloxandring

Cape Provanee, South Al South Australia South Augtealia

(bwm & Meyns UK) \present stdy) (present study )

m=21 n=5 n=5
1ty mieasured R"mgt M Rangr Meun 50 Rarige Mean 31
Wody fength () | 7202250 20400 JIR2-2054 709 30 1940- 22060 2004 1128
Max. bendy wicih [Ntha RI-45 RY = h5-82 74 8.2
I'haryns lengpth Jsne 33 aKT ERT 13 285 345 320 k22
Tl Tength 225-327 22 218268 242 =20 124-29 261 27
Body widih al wnuy v 4145 42 £ > 36-40 B =
Lle Man's indices V Aqu 42 4147 45 x| 33-4% 4 4.0
D Man's indices a 2H-41 AG) 327 o 2 16-34 24 32
17¢ Mun's indices b 4854 53 50.06 A2 *() 3 o.l-69 L] A
¢ Mun's indices ¢ 6100 7.1 R 02 Ul | H)H 7.4-R.7 Kol +).5
De Min's indiges o (.4 100 .7 £.3-65 S8 15 65.2-7.4 6.8 +H.4

“ealealated from dati of Swarl & Heyns (1988)

significant difference (P >005) between [he means ot
coiled (14.3% ) and uncoiled (also 14.3% ) nematodes,
Thus expressing distances between supplements s
percentages rather than actual meusurements when
making comparisons between nematodes that are coiled
into various shapes provides a standardised measure
tor differently-coiled nematodes.

Measurements of the Australian populations were
combined o obtain i pooled estimate of the means and
standard deviations. Because these values appeared
normally distributed, standard deviations of the South
African values were calculated assuming a normal
distribution (Table 4)_

The positiony of the Auvstralian population male
supplementary organs differ in some respects. from
those of (he South African population (Table 4)
lthough these differences are not sigmificant except
for the - and S, (F<001), These ditferences appear
minor compared with the similarities that exist between
the populations. Thus the females (Table 3) are of
stmilar length and have o similar volval position
although  the South Aftican  population appears
narrawer with a longer pharynx and a significantly
longer Lail, The females of this species (Figs 5, 6) are
didelphic and amphidelphic. The genital tract (Fig. 6)
consists of pvary, short oviduct, pars dilutats and uterus
that may contain oval-shaped sperm.

Epg luving

The laying process was ohserved in 4 specimen
collected the previous day from Lake Alexandrina, Tt
wits i siing drop shide in fillered Lake Alexandrini
water (.2 um membrane). Fgg laying took place
23"C and was very rapid, the actual emergence of the
ceg being completed 10 several seconds, The whole
process was filmed (Fig. 7) (Iford XP 1400 film).
The egg s shown moving from the pars dilatata into
the uterus (Fig, 7A, B) and from there inta the vagina
(Fig. 7C, 12). During the final stages of Taying, the egy
iroves from the vagin 0 the exterior through the valya
(Fig. 7TH, F, G, H). The egg which is oval (ellipsoidal)
within the nematode assumes a spherical shipe soon
after laying (Fig. 8). It has a mean diameter of 708
pam (42,9 SD) including the shell which has o mean
thickness of 8.4 wm (+0.6 5D). This comparcs with
in wtero measarements of lixed material of 73.5
X 48.9 jun including an egg shell thickness of 5.5 g
(Swart & Heyns [988).

Discussion

Over 60 years ago Taylor and Poole of CS&IR Division
ol Soil Research (now CSIRO Division of Sails)
published the results of a soil survey ol the bed of Lake
Albert (Tuylor & Poole 1931), This work resulied from
4 request by the appropriate branchies of both the State
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TABLE 4. Comparison of measurements of distances between supplementary organs, expressed as percentages of the sum
of the distances berween supplements, in different populations of males of Eutobrilus heplapapillatus.

Parts measured Tsitsikama Forest i Lake Albert Lake Alexandrina

Cape Province, South Alrica South Australia South Australia

gS:'grt & Heyns 198%) gpie‘sscnl study) ,(1p£es6¢nl study)

Range Mean  SD* Range Mean  SD Range Mean  SD
Cloaca + S§7 76-11.4 9.3 =zl .6 47-11.8 8.5 $2.6 9.1-11.8 9.8 1.1
s7 v 86 769.2 8.3 +),7 6.0-9.9 8.1 +1.4 8.7-12.3 10,3 +1.3
S6 v+ SS 8.8-11.3 10.2 1.1 9.7-12.2 1.1 +1.2 10.3-13.0 11.6 0.9
S5 v 54 16.2-17.% 17.4 .7 16.5-23.1 20.1 +2.8 17.0-21.7 19.1 11.6
S4 + 83 14.4-17.6 15.6 1.4 13.2-15.3 143 1.0 12.3-153 13.6 1.1
S5 B S2 19.9-21.6 20.8 H)7 15.3-19.7 17.2 +1.7 15.4-18.2 16.7 $1.0
82 + S 16.4-20.3 18.4 1.6 18.6-25.0 20.7 +2.5 15.1-20.8 18.9 2.0

+= estimaled using sample size and range and assuming normal distribution

Fig. 3. Photograph of an adult male Ewiobrilus heptapapillatus from Lake Albert, Nomarski optics showing pharynx (p),
intestine (i). pharyngeal glands (g), lestis (1), retracied copulatory spicules (s). Scale bar = 100 pm.

Fig. 4. Photograph of an enlarged portion of an adult male Eutobrilus hepiapapillatus from Lake Albert. Nomarski optics
showing 1he seven supplementary organs (small arrows) and the everted copulatory spicules (5), Note relatively short
il. Scale bar = 50 pm.
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Fig. 5, Photogruph of an adult femile Ewobrilus heprapapitfatus fiom Gake Alhert. Nomursk oplics showing pharvas (p),
intesting (i) and vulva (v). Scale har = 00U pin

Fig. 6 Phatograph of an enfanged purdion ol an adull fermale Egwobrls heprapapitaas from Lake Albeit Nomarski apries
showing (hic didelphic rweproductive systerm consisang an ich <de of wvary (o1 shore syiduct imd b, paes dilasa (). nierus
i und valvit (v), Scale bar = 500 am.
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Fig. 7. Photographic sequence of egg laying in Eutobrilus heptapapillatus. Nomarski optics. Arrows indicate vulval opening.
A.. B. Movement of the egg from the pars dilatata to the uterus. C., D. Movement of the egg from uterus 1o vagina. E.,
F., G. The process of laying as the egg passes from the vagina to the exterior via the vulva. H. The newly laid egg. Scale
bar = 50 pm.
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und  Commonwealih  Governments  regarding  the
leasibility of using the soil at the botom of the lake
lir agriculture after it had been drained  Taylor and
Poole (1931) showed that the drained like would be
unsuitable for agricullural purposes. Thus, at a time
when the clearing of lund was in full swing, these
workers. were able (o show, as a result of their snil
survey, conducted under difficult conditions, that
dramage of this lake would have been a costly mistake.
Furthermore, their detsiled resulty (Taylor & Poole
1931) provided valuable infarnation on which w base
[urther studies of the lakes benthos

Taylor & Poole (1931) reported that Take ATbert wis
once connected (o the saline watets of the Coorang
by anm ancient river channel which persists today s
lagoon extending from the southern side of the lake
(Fig. 1). Thus, although Lake Alhert s not now (Jushed
through by waters of the River Murray, as is Lake
Alexandrina. it iy onee have been when the river was
in (lood

The harrages at the mouth of the River Murray were
not built until 1940 so that at the time of Taylor's and
Poole's suryey during March to April 1930 when the
river was running low, Lake Alexandrinag had become
very saline as a result ol incoming sea watet, Thus
water from Lake Alexandring was 1making the waler
from Lake Albert more saline and “was not patable
lor humans and taken unwillingly by stock anril
accustomied 10 17 (Taylor & Poole 1931). Today, duc
to the presence of the barrages, Lake Alexandrina is
imuch less saline than il was and although (he quantities
of soluble salts contained in its waler can and do vary
from time to time depending on river flushings. it iy
clear from the samples collected on the same day fron)
both lukes at g six-monthly interval (Table 1) that Lake
Alhert has a higher concentration of soluble salls than
Luke Alexandrina during normal river flow. Nicholas
ol
soluble saity in water collected from sites on the shore
of Luke Alexandrina varies from month to imonth and
hence 1t was necessary. to collect water Irom (he Iwa
lakes on the same day 5o that valid comparisons could
be made,

It is mteresting o speculate whether or nal the
presence of wrystalloid bodies observed in E
heptapapilfarus Trom Lake Albert but nol in specimens
ol the nemittode collected on the same day from Lake
Alexandring when its soluble salt values were low.
might he associated with increased salinity in these
lakes. Crystalloid bodies were [ound m &
heprapapillatus collecied (rom Lake Alexandring hoth
al the water’s edge and From the bottom of the lake
in 97% of the nematodes examined (Bird ef al. 1991)
hut no correlation was made with the salinity of the
lake at that time. However, examinalion of these dara
shows that the concentrations of sodium and chloride
ions (Table 2 - Nicholus er ul. 1992) were greater than

(1992) have shown that the concentration of

those obtained 1o this lake during the present study
(Tuble 1), Furthermore, contrary 1o our lindings thal
nematodes niwintained 10 aguarta over § period of two
months “appewed 1w be free of crystallowds. | have
found that there was an almost three- fold nerense
both numbers of £, heprapeapilfalus and therr crystalloid
conent when mud from Lake Albart was pluced inan
aquarium tank. covered with Lake Albert water and
left for four months with occasiondl acration. Under
these conditions, the ratio of larvae (o lemales to males
was 85 012 0 3 of which Y3% contiined crystalloids,
The large number of larvie present would probably
be due lorelatively recent hatching from egps und the
Inw number of udults 1o luck of food. The increase in
the percentage of ervstalloids present from 32 % to 935
in nematodes kept in anaguarium tank for four months
would probably bhe due (o an increase in the
cancentration of soluble salts due o evaporytion froni
the fank. This particukar butch of Luke Albert water
(calleeted on 20 May 1994) had initial sodivm and
chloride ion readings of 188 and 265 mg 1!
respectively (Table 1) which are apparently high
enough o induce the development of orystalloids.
The vccnrrence and passible funcions of erystalloids
in-a mstnber ol penera of aguatic free-living nematodes
have been recorded by vaniols workers (Bird ef of,

LY ey
““‘C ‘Jf.

Fip 8 Photograph off freshiy laid cas ol Eugobirilys
Iurlupupi//auu‘ Brighe ficld apties showing vulvi (v) and
spherical s (i) wylt their reflivgly thick shells wst

Scule bar = 200 pm

-\#
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1991) Bt s yet i clear-cut evidenee for their function
has been obliined.

Clearly further research is required (o lesl whether
these crystallaid  stroctures are produced  in the
nemgtodes 10 response o changes in their enviranment
and whether or not they are a manifestation ol a
disenscrl slute, simce they appear o be associated with
small tegular particies thal resemble wosahed ral
vituses in some respecs (Bind e al. 1991),

I thimk that this nermatode which predominaes 1 the
sedipient ar the bottont of these Tukes s £
heptapapillatas althipugh, ax will be discussed helow,
there are some ditflerences hebween tie Austrahan and
South Alrican populatios. 1t has ull the characteristios
of its Subfamily (Futobrilinge) described by Tsalolikhin
(1983) pamely, hedgehog like supplementary organs
(Fig. 3, somuseolar vagina and well-differentjated
female genital system (Fig. 5) and well-developed and
rounded pharyngeal gplands. Sinnilarly, 10is less than
35 mm in length and 1 has the described species
characteristivs of a cuticle withont pronounced
annulations, hewd brstles thut do not exceed 14 pim
and, most obvious  of all, males wilh seven
supplementary orgams. It does nol quile AL Tsalolikhins
key 10 having females whose wils are not ten tnes
gredter than the body width ar the anus ( Table 3) but
this also apphies W the South Alrcan speclinens (Swart
& Heyns 1988). However. these various morphalogical
diflerences are likely o be reflections of variability

hetween  different populations of this specizy of

nernatede rather than suggesting thar the Australian and
South Afrcan nepatodes are different species.
Another appurent difference is (hal the egg, although
aval-shaped when within the female. becomes round
when laid (Figs 7. 8). However, it seems likely thal
cpp measorements in the past may  have  all

heen made while the eggs were within the female 1n
fixed material. ‘The transition [ront oval within the
lemale w spherical an laying 18, however, illustrated
by Tsalolikhin (1983) in hiy book. Since eggs of these
species can not be identified unless lud from in
wentiticd female, their shupe for laxonomic purposes
15 fisted in the description of the genus Fwtobrilus as
ovil (Tsalolikliin 1983), Furthermore, since lxation
leads to shrinkage, measdrements from fixed material
will always be Iower than those lor unfixed, freshly
laid eggs.

The comhination of characters deseribed above
places these worms [rmly in the Tobrilidae. Minor
differences between the populations 1n South Australi
aod South Alniea are not considered significant and
the worms are confidently referred to as K
heprapapiflatus.

Much remains lo be leirnt about this cosmopolitan
nematode. Ity feeding habils, rates ol growth and
longevity in the lukes are unknown. Such information
15 needed 1t is value as an indicator of environmental
pollution in these environments is o be determined.
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